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(54) FORMING METHOD FOR INK-JET NOZZLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form easily a water-repellent film on a 
front face of a nozzle plate and a hydrophilic film on a rear face thereof by 
forming the hydrophilic film on the rear face side of the nozzle plate and 
forming the water-repellent film on the front face side of the nozzle plate 
while utilizing the hydrophilic film as a mask. 

SOLUTION: Each ink-jet nozzle comprises a hydrophilic film 3 formed on 
the rear face side of a nozzle plate 1 so as to cover the rear face thereof 
and extend from the rear face toward the inner wall of a nozzle hole 2, a 
water- repellent film 4 formed on the front face side of the nozzle plate 1 
so as to cover the front face thereof and extend from the front face 
toward the inner wall of the nozzle hole 2, and a head main body 6 in 
which the nozzle plate 1 is fixed with the hydrophilic film 3 therebetween 
and an ink passage 5 communicating with the nozzle hole is provided. The 
nozzle plate 1 is adhered and fixed to the head main body 6 by means of 
the hydrophilic film 3 on the rear face side of the nozzle plate 1 with the 
aid of an adhesive material 7. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the method of forming an ink-jet nozzle by processing to the nozzle plate fixed to the head main part 
with which two or more ink paths of the ** sake which breathes out ink were formed. The nozzle plate in which the 
hole was drilled is formed, the nozzle which can be open for firee passage to the aforementioned ink path - The 
hydrophilic film which changes fi-om a hydrophilic material to the rear-face side of the aforementioned nozzle plate is 
formed. The water-repellent film which changes fi-om a water-repellent material to the fi-ont-face side of the 
aforementioned nozzle plate by using the aforementioned hydrophilic film as a mask is formed, the aforementioned 
nozzle — the formation method of the ink-jet nozzle characterized by consisting of fixing the aforementioned nozzle 
plate on the aforementioned head main part through the aforementioned hydrophilic film so that a hole may be opened 
for firee passage to the aforementioned ink path, respectively 

[Claim 2] the aforementioned hydrophilic film - each nozzle from the rear face of the aforementioned nozzle plate - 
the formation method of the ink-jet nozzle according to claim 1 formed so that it may spread to the wall of a hole 
[Claim 3] the aforementioned water-repellent film ~ the aforementioned nozzle - a hole — opening — the formation 
method of the ink-jet nozzle according to claim 1 which is flooded with plating liquid and formed in the state the 
bottom 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the formation method of the ink-jet nozzle used for generation of the 

ink drop for printing. 

[0002] 

[Description of the Prior Art] In printing of an ink-jet method, the pressure by thermal expansion or capacity reduction 
is made to act on the ink as an image formation medium, and the desired picture is formed by making a detailed ink 
drop breathe out towards a printing hand-ed at high speed. The printer by such ink-jet method is constituted by the 
head main part with which the ink passage for sending out to a delivery the ink pressurized by the pressure generating 
means which generally consists of a heater element, a piezoelectric device, etc. for impressing a pressure to ink, and 
the pressure generating means, and *♦ were prepared. 

[0003] the nozzle formed in printing by this kind of ink jet corresponding to the delivery of a head main part ~ the 
nozzle which was open for free passage to a delivery and this by equipping this head main part with the nozzle plate 
which has a hole - the optimization of the size of an ink drop or particle size breathed out through a hole is attained 
two or more nozzles which generally consist of a fixed path as shown in dr awin g 3 although the nozzle plate 1 fixed to 
such a head main part may be formed from a resin — from the metal plate with which penetration formation of the hole 
2 was carried out at constant pitch at the seriate — changing ~ each nozzle ~ the stability of the regurgitation of the ink 
drop from a hole 2 — it should plan — the nozzle from the front face of a nozzle plate 1 — a hole — it applies to two wall 
and water-repellent processing is performed in addition, the nozzle in the said drawing ~ a hole is omitted partially and 
shown by the dashed line 

[0004] Water-repellent processing of the conventional nozzle plate is immersed in this into nickel plating liquid which 
distributed the molecule of a polytetrafluoroethylene (PTFE), where the mask which consists for example, a plate rear- 
face side of a dry sheet-like resist is covered by thermocompression bonding, and it is performed by forming the so- 
called water-repellent eutectoid plating in the front- face side of a nozzle plate. 

[0005] Moreover, after giving the same eutectoid plating as the whole nozzle plate as the method of another water- 
repellent processing, without giving the above masks to a nozzle plate, the method of removing the plating film by the 
side of a nozzle plate rear face by mechanical methods, such as polish and sandblasting, is also enforced. 
[0006] 

[Problem(s) to be Solved by the Invention] the mask 8 which covers the non-plating field of a nozzle plate with the 
former eutectoid plating method as shown in drawing 4 — the nozzle of a nozzle plate 1 — opening of one side of a hole 
2 — a wrap — the method of putting on the whole rear-face side in one like is taken however ~ such — a mask 8 — a 
nozzle — opening of a hole 2 — a wrap ~ the case where it prepares like ~ formation of the eutectoid plating film to a 
nozzle plate — facing — a nozzle — since the circulation or a flow through a hole 2 of plating liquid is prevented — a 
nozzle — a hole ~ it is difficult to form a uniform plating film in an inside Moreover, there is also a possibility that 
plating liquid may be made for a wraparound and unnecessary plating in the part which there is almost no masking 
material with which powerfiil adhesion [ as opposed to / have perfect corrosion resistance to a plating liquid solvent 
high / of the acidity of the surface active agent used for eutectoid plating, a plating liquid solvent, etc. or a basicity /, 
and / nozzle plate material ] is obtained actually, and ablation arose partially from a nozzle plate by the swelling of tfie 
mask at the time of plating etc., and exfoliated in this way 

[0007] moreover, by the method of giving eutectoid plating to the latter whole nozzle plate table rear face Although the 
comparatively good plating film in an inside is obtained, removal of the once formed nozzle plate rear-face side plating 
film is faced, a nozzle — a hole — The nozzle plate rear face where a setup or its control of the stop time of the plating 
film removal work of polish, sandblasting, etc. was difficult, in addition tiie plating film was removed Since nickel as a 
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nozzle plate material has the water repellence whose contact angle to a quality-of-the-material waterworks is about 75 
degrees, it is difficult for wetting of a binder to obtain bad positive adhesion on the occasion of adhesion on a head 
main part. On the other hand, though a plating film is completely removed from a rear face, in the field, adhesion and 
interlocking of abrasives, a sandblasting particle or a foreign matter, etc., etc. remain, and good adhesion is further 
made into difficulty. 

[0008] therefore, this invention ~ a nozzle ~ a hole — it aims at acquiring the formation method of the ink-jet nozzle 
which can form a hydrophilic film in the nozzle plate fi*ont face containing a wall simply at a water-repellent film and 
the rear face 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned technical problem, the formation method of 
the ink-jet nozzle of a claim 1 It is the method of forming an ink-jet nozzle by processing to the nozzle plate fixed to 
the head main part with which two or more ink paths of the ** sake which breathes out ink were formed. The nozzle 
plate in which the hole was drilled is formed, the nozzle which can be open for firee passage to an ink path — The 
hydrophilic film which changes from a hydrophilic material to the rear-face side of a nozzle plate is formed, the water- 
repellent film which changes fi*om a water-repellent material to the front-face side of a nozzle plate by using a 
hydrophilic film as a mask ~ forming — a nozzle ~ it is characterized by consisting of fixing a nozzle plate on a head 
main part through a hydrophilic film so that a hole may be opened for free passage to an ink path, respectively 
[001 0] For example, the contact angle by the water dropped with the "hydrophilic property" in this specification here is 
small, it is 40 degrees or less in a contact angle, and for example, the contact angle by water is large, a nozzle plate 100 
degrees or more is defined as "water repellence" as a property of the required matter on the performance of an ink jet, 
and manufacture with a contact angle. 
[0011] 

[Embodiments of the Invention] The form of implementation of the formation method of the ink-jet nozzle by this 
invention is explained in detail, referring to drawing 1 and drawing 2 . First, explanation of the structure of the ink-jet 
nozzle formed by this invention method uses the nozzle plate 1 which accomplishes the tabular of an uniform material, 
for example, nickel, and the plane view rectangle by which shell formation was carried out for the ink-jet nozzle, as a 
flat surface is shown in drawing 3 . the nozzle of plurality [ nozzle plate / 1 ] — the tabular of the rectangle by which 
holes 2 were installed successively in the fixed pitch is accomplished The resist as masking material can form such a 
nozzle plate in the electrolytic solution as the so-called electrocasting nozzle which carries out deposit formation of the 
nickel on metal base materials, such as SUS put in the shape of a pattern. 

[0012] each ink-jet nozzle shows an enlarged section to drawing 1 — as — the rear-face side of a nozzle plate 1, i.e., a 
rear face, — and — and a nozzle — with the hydrophilic film 3 formed so that it might spread in the wall of a hole 2 a 
front-face side, i.e., a front face, — and — and a nozzle — the water-repellent film 4 formed so that it might spread in the 
wall of a hole 2, and a nozzle plate 1 are fixed through the hydrophilic film 3 ~ having — a nozzle — the head main part 
6 with which the ink path 5 opened for free passage by the hole was formed — since ~ it changes 
[001 3] Adhesion fixation of the nozzle plate 1 is carried out on the head main part 6 through the binder 7 by the 
hydrophilic film 3 by the side of a rear face. Subsequently, it explains, referring to drawing 2 about the formation 
method of the ink-jet nozzle of this invention method, first ~ from an xmiform material — changing — two or more 
nozzles — the nozzle plate 1 which accomplishes the tabular of the rectangle by which holes 2 were installed 
successively in the fixed pitch is prepared such a nozzle plate 1 — for example, it can form in the thickness of about 60 
micrometers as a electrocasting nozzle which consists of nickel by being alike in an electrolyte by using as a base 
material the SUS material of the tabular which applied masking material to the fixed pattern, and depositing nickel 
such a process — a nozzle — a hole 2 can be formed in the cross-section configuration which decreases by the fixed 
profile towards a front- face side from the rear-face side of a nozzle plate 1 as shown in drawing 2 (a) more — concrete - 

- a nozzle — a hole 2 — the opening diameter — d by the side of a rear face ~ it is formed so that it may decrease from 
2= 160 micrometers to size dl=45micrometer a front-face side in addition, above-mentioned nickel as a nozzle plate 1 

— replacing with ~ the tabular material of SUS — punching — giving ~ a nozzle — you may form by preparing a hole 
[0014] If a nozzle plate 1 is prepared, as shown in drawing 2 (b), the hydrophilic film 3 which changes from 
oxidization silicon (Si02) to the rear- face side of a nozzle plate 1 will be formed so that it may become about 1 500A 
uniform thickness with the rear face, such a hydrophilic film 3 performs the spatter which used Si02 as the target from 
the rear-face side to a nozzle plate 1 — a nozzle — the wall of a hole 2 ~ moderate — turning — being crowded — the 
nozzle from the rear face of a nozzle plate 1 — it is formed so that it may spread in the wall of a hole 2 It is desirable to 
carry out at the suitable temperature of about 200 - 300 degrees C, and in order that spatter processing may raise the 
adhesion between a nozzle plate and a spatter film, it is desirable to use the so-called reverse spatter technology. 
[0015] If the hydrophilic film 3 is formed, the eutectoid plating film 4 by PTFE will be formed in the front- face side of 
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a nozzle plate 1 . By plating by using the hydrophilic film 3 as a mask in the electrolysis plating liquid with which the 
piolecule of nickel ion and PTFE was distributed in the nozzle plate 1 in which the hydrophilic film 3 was formed, this 
eutectoid plating forms the water-repellent film 4 which consists of the eutectoid plating film of about 3-micrometer 
thickness, as shown in drawing 2 (c). On the occasion of eutectoid plating, the exposure front face of a nozzle plate 1 
deposits so that the molecule of PTFE in plating liquid may be drawn in this with the ion of nickel. 
[0016] in this case, eutectoid plating ~ facing — a nozzle — since it is in the state where the hole 2 was opened wide — a 
nozzle ~ plating processing is made, while a hole 2 is minded and plating liquid circulates or flows moderately for this 
reason, the former — like — a nozzle — a hole — there is no possibility that a wall may be plated by uneven thickness or 
the perverted configuration, and a better plating side is acquired Moreover, there is also no fear of inconvenient 
generating like the mask ablation by swelling with plating liquid etc. 

[0017] thus, when forming the hydrophilic film 3 and the water-repellent film 4, it is shown in drawing 2 (d) — as ~ a 
nozzle plate 1 — each nozzle — the ink-jet nozzle of this invention is obtained by carrying out adhesion fixation of the 
hydrophilic film 3 on the head main part 6 through a binder 7 using an epoxy system adhesion resin, where aligimient 
is carried out so that a hole 2 may be open for free passage to the ink path 5 In this case, although a foam tends to 
collect on both boundary section when the nozzle plate rear faces facing the ink path of a head main part are 
waterproofed characteristics, since the rear face of the nozzle plate by this invention is processed into the hydrophilic 
property, there are more few possibilities that a foam may collect on the above-mentioned boundary section. 
[0018] It was checked that about 28-degree hydrophilic film is obtained with the contact angle by the water which was 
dropped by survey by this invention person according to the formation method of the ink-jet nozzle of this invention, 
and about 115-degree water-repellent film is obtained with a contact angle. 
[0019] 

[Effect of the Invention] the water-repellent film contributed to formation of an ink drop proper in a nozzle front face 
by forming an ink-jet nozzle by the method of this invention — each nozzle — while being formed so that it may spread 
in the wall upper-limit section of a hole, while raising the adhesive property over a head main part on the whole 
surface, the hydrophilic film with which air bubbles cannot collect more easily into ink is prepared in a rear face 
[0020] Moreover, since a hydrophilic film can be used as a mask at the time of eutectoid plating of a water-repellent 
film, there is no fear of the mask ablation by swelling etc, and a good ink-jet nozzle can be formed at a simple process, 
eutectoid plating — facing — a nozzle — since it is in the state where the hole 2 was opened wide — a nozzle — plating 
processing is made, while a hole 2 is minded and plating liquid circulates or flows moderately for this reason, the 
former ~ like — a nozzle « a hole « there is no possibility that a wall may be plated by uneven thickness or the 
perverted configuration, and a better plating side is acquired 
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DRAWINGS 



[Drawing 1] 
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